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I n  Jan~ar .~ lg  o f  196jp I'ioneer P a r a c h u t e  Company, I n c ,  , 
! 
3 

u n d e r  Natkonal  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  C o n t r a c t  
i 

%)is g-1157# undertoolc a  progra-m o f  e v a l u a t i o n  and development o f  

8 l a r g e  P a r a - S a i l  P a r a c h u t e  c a p a b l e  o f  r e c o v e r i n g  heavy pay loads  

and p r o v i d i n g  a s i g n i f i c a n t  d e g r e e  o f  g l i d i n g  and maneuvering 

1 c h n r a c t e r i s t i c s .  I n  March 1964 a l l  t e s t  work under  t h i s  c o n t r a c t  

1 4 was s u c c e s s f u l l y  comple ted .  
3 
1 4 I n  t h e  c o u r s e  of t h i s  program t h e  p r i n c i p l e  aerodynamic 

I c o e f f i c i e n t s  f o r  t h i s  t y p e  of p a r a c h u t e  were e s t a b l i s h e d  i n  wind 

t u n n e l  t e s t s ,  U t i l i z i n g  t h e  wind t u n n e l  as an  i n v e s t i g a t i v e  

4 t o o l ,  s t u d i e s  were made of' methods t o  improve upon t h e s e  c o e f f i -  
1 
3 c i e n t s  and t o  e s t a b l i s h  b e t t e ~  i n f l a t i o n  c h a r a c t e r i s t i c s .  These 
0 

4 e f f o r t s  were performed- by t h e  U n i v e r s i t y  o f  Minnesota,  Department 
i 1 of  Aeronau t i c s  and P k c h a n i c s ,  and a r e  r e p o r t e d  i n  Volume I o f  

t h i s  document, e n t i t l e d  "Aerodynamic I n v e s t i g a t i o n s  o f  P a r a - S a i l  

Parachutes1 ' .  

The r e s u l t s  o f  t h e  wind t u n n e l  e x p e r i m e n t s  were v a l i -  

d a t e d  by a s e r i e s  o f  f u l l  s c a l e  deve lopmenta l  d rop  t e s t s  w i t h  a 
3 - 
d 

P a r a - S a i l  o f  a p p r o x i m a t e l y  80 f e e t  i n  d i a m e t e r .  These  t e s t s  were 

conducted a t  t h e  J o i n t  P a r a c h u t e  Test F a c i l i t y ,  E l  Centyo,  

1 C a l i f o r n i a ,  and a r e  d e s c r i b e d  i n  Volume I1 o f  t h i s  r e p o r t ,  "De- 
f 

s i g n  and T e s t i n g  o f  a Large P a r a - S a i l  Pa rachu te" .  

PIONEER PARRCJIUTE COf4PAFJY, I P J C  



e l  studies were performed on a gliding 

parachute, csLled Para-Safl, w i t h  the objecteve of de r iv ing  

,a configuration tha t  u o a d  p r ~ v i d e  a lift t o  drag rat40 of 

unity o r  g~leater  combinad with 8 s t r o n g  o p & n b g  tendency m d  

sufficient s t a t l e  a t a b i l i t y  abaut ' the p i t ch ,  r o l l  and yaw 

axes According to model e2zperiments, thf s objective h a s  been 

ftchf eved 

Upon request of the Pioness Parachute Company, 

I 
I Manchester, Connectfeut, and the NASA Center f o r  Manned Space 

Flight, Mauston, Texas, several  addit ional aerodgrxrmlic aspects 

such as  the center of' presswe, suspanslon l i n e  forces,  the 

e f f ec t  of a i r - ca t ch ing  scoops and the lnternal  parachute upon @ 
the opening characteristics have also been i i~ves t fga ted ,  

The s t u d y  was sponsored by the Pioneer Parachute 

Company, with Messrs, Edward A ,  Girnalouski and Idi l l fam J', Everstt 

acting as pro jec t  engineers. The experiments 'and the a ~ a 1 y s I . s  

were carr ied out, m d  a number ~f mod i f i ca t ions  were proposed 

by the staff of the Department of Aeronautics and Engineering 

Mechanics, Univessity of Minnesota, Msssrsc Thomas C *  Nfotz,  

Harvey M e  Lippa and Lelan R e  Jamison, s t u d e n t s  of Aerospace 

Engineering,  contributed significantly Lo the completion of 

this  study, 
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moms ', coef f i c ien- t  

normal farce coefficient 

tangent force coefficient 

1 2  drag = CD z.V So 

design diameter of main canopy 

nominal diameter of Para-Sail (based on t o t a l  
canopy area, So, estimated from a model 
furnished by Pioneer Parachute Company) 

canopy mbment arm 

lift 

dynamic pressure = 

total canopy area (estimated) including stabilization 
panels 

angle of attack = tan-l L/D (measured against 
vertical. ) 

five suspension lines attached to each f ront  
riser and seven suspension lines to each back 
riser 

six suspension lines attached to each f r o n t  
riser and six suspension lines attached to each 
back riser 



With many conventional paracfzutes, the stable angle 

sf a t tack  i a  such tb t  the parachute develops lift as well 

I as drag, Inen t h i s  occurs, the parachute is said t o  gl ide o r  i 
E 
8 ' t o  f l y  a t  an angle of wttack. . m e  angle of a t t acB,a  , i s  

determined by the ra t io  of the l i f t  and drag forces. L/D, and ' 

It can be seen from Fig 1 t h a t  

cx = TAN-' (L/D) (1) 

When s t ead i ly  gliding,  the aerodynamic forces of 

I the parachute and the guspended weight are i n  equilibrium. 
I 

Xn order lo maintain the posi t ion of equilibrium, the forces 

act ing on the canopy when deflected, must develop a so-called 

restoring moment which tends t o  move the canopy towards i t s  

s tab le  posikion, 

The objectives of t h i s  study were t o  es tab l i sh  the 

aerodynamic chtaracteristics of the gliding parachute cal led 

the Para-Sail and t o  t r y  through modification t o  obtain a, 

r e l a t ive ly  high l i f t  t o  drag ra t io ,  i f  possible, exceeding 

uni ty ,  In view of these and addi t ional  ~ b j e c t i v e s ,  t h i s  

study was pursued i n  the following three prLncipal aspects. 

1. Invest igst ion of the  o r ig ina l  Para-Sail configuration 

I I including the following major it ems : 

a )  Exploration of flow f i e l d  about t h e  canopy 
I 

b) Effect  of the suggested s l o t s ,  louvers, cen te r  

lines, stabfllzation p a m l s  and porosity upon 

the  lift to drag r a t i o  

I 



FIG 1. SCHEMATIC REPRESENTATION OF THE 
FORCES ACTll\iG UPON A PARACtIUTE 
IN FREE DESCENT 

2 



c) Three-component measurements %Q detexmine the 

r zrod;lm,mic coefficients 

d) Measuremen* of riser and center line forces 

and determination of " c h s  center of pressure, 

Modification of the Para-Sail configuration to 

increase the lift to drag ratio. 

Investigation of the modified Para-Sail configura- 

tions, in particular, the following major items: 

Methods i ; ~  vary the lift drag ratio through 

suspension line adjustment 

b) Three-Component measurements to determine the 

aerodynamic coefficients. 

In addition to these objectives, it became necessary 

to perform a; number of model test;s related t o  operatio~al 

performance characteristics, which were either observed during 

full size drop tests or which were thought to be advantageous 

for actual applications. Therefore, it became necessary to 

perform certain experiments seemingly incomplete or out of 

sequence. The results of these particularly requested experl- 

ments are arranged in the appendix. 



Four prih~iP~l confiwrai;ions of the Pars-Sail. have 

been investigated in this study. 

Configuration I is the prototype Para-Sail as proposed 

by Mr. Lcmoigl~e and redesigned by the Pioneer Parachute Company, 

Mnnchester, Connecticut. For simplici$y in the model tests, 

the suspension lines were grouped in four equal bunales and 

then connected to four separate risers. Figures 2 and 3 show 

Configuration I in free flight m d  in wind tunnel tests. 

Figure 4 illustrates the planform and details of tho suspension 

lines. 

Configuration I1 was derived through modifications 

of Configuration I. The gores 1, 2, 22, 23 and 24 have been 

replaced by five solid gores similar to those of a solid flat 

circular canopy. Also, material has been removed in the skirt 

area from gores 10 through 14, which are located at the rear 

of the canopy. The suspension line lengths have been slightly 

changed as indicated in Fig 5. These changes resulted in a 

higheE 'L/D ratio. Figures 5 and 6 are schematic drawings of 

the Para-Sail Configuration 11, while Pigs 7 and 8 show this 

configuration in the wind tunnel and during drop tests. 

Configuration 111 has a solid front similar to 

Ccnfigui4ation 11 excep t  that some of the material also has 

been removed from the leading edge of the canopy. A schematic 

view o f  Configuration 1x1 is shown in Figs gA and 9B. These 

~fiodif'ications resulted f r o m  the review of' f u l l  ~ i z e  drop tests con- 

ducted jointly by the Pioneer parachute Company and the NASA Center 
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FIG 6. SCHEMATIC PROFILE OF PAPASAIL, CONFIGURATION II: 
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f o r  Manned Space Flight, Figure 10 shows a model of Para-Sail 

Configuration IS1 i n  t he  kaincl tunnel, 

A version of t h i s  configuration has been tes ted by 

NASA Manned Space F l i g h t  Center, Houston, Texas, and d e t a i l s  

*of these e f f o r t s  a r e  s h o w  in  Ref.4, . 

Configuration I V  i s  a model obta ined  from a scaling 

down process of o full s i z e  parachute c a l l e d  Para-Sail 80A. 

However, the model and the f u l l  s i z e  parachute have merely the 
6 

plan form, t o  a ce r t a in  extent ,  i n  common. This i s  par t icu lar ly  

t rue f o r  the removal of c lo th  a t  the leading edge and the 

so-called scoops. For example, however, the Para-Sail 80A i s  

used without a center l i n e ,  whereas many t e s t s  whth Configura- 

t ion  ZV were made with the arrangement of the center l i n e ,  

Furthermore, the p r o f i l e  of the plan form of the Para-Sail 80A 

and the Configuration I V  a re  I d e n t i c a l ,  but the 80A has 72 

gores  whereas Configuration I V  has only 36 gores .  However, 

f o r  the purpose of model experiments, Configuration IV may be 

considered representing the Para-Sail BOA. 1t i s  schematically 

shown i n  Fig; 1 1 A  andl 1lB. 

Ful l  s i z e  Para-Sails resembling t h i s  conf igusa t ion  

have been tes ted and a r e  ca l l ed  i n  the respective drop t e s t  

report  (Vol 11) Para-Sail 80A-2 avhd 80A-3, 

A 1 1  models have a nominal diameter of approximately 

4 f t  o r  2 f t  when used for  pendulum and f r e e  drop t e s t s  and 

three-component mcasurements, respectively,  The model-s weye 

1iuil.t of l i g h t  wciglz t  nylon wi tl? var i-ous nominal poyosi-l;ies 

Additional. 111odei configurations were used, wjth 
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the purpose sf explo~lng t h e  e f f e c t s  of an in terna l  parachute,  

of the center  l i n e  and other more opera t ional  objectives 

and problems. 



f 11, NOTATION 

Since many terms needed in the discussion of a 

gliding parachute had to be ori~inally established, an attempt 
I 

1 will be made to describe and justify. these n ~ v c l  terms, 
i 
I In order to identify the models with respect to 

I size, porosity and configuration, the following symbolism will 
I 

be employed. The configuration number will cone first, then 

the design diameter of t h e  parachute (In inches), and finally 

the nominal porosity of the parachute cloth (in units of 

ftj/ft2-min). For example, 1-48-4.67 defines Configuration I, 

having a 48'' design diameter and a nominal porosity of 

4.67 f t3/f t2-nin. 

Several design characteristics of more specific 

0 nature are illustrated in Figs 12, 13 and 14, For example, 

the center line, which connects the apex of the canopy with 

I the risers, is shotm in Fig 13. The numbering of the canopy 

gores is illustrated in Fig 14, 

Attempting to describe the aerodynamic character- 

istics of a gliding parachute such as the Fara-Sail, it is 

convenient to use a system of coordinates and stability 

notation as shown in Fig 15, which is a combination of the 

coordinate systems used in parachute and aircraft technology, 

I 
I This system allows the description of the performance character- 
I 

! istics such as the angle of attack, 4 ,  the longitudinal 

I stability or pitch, the laterial stability or roll, and the 

yaw stability. Pitch, roll and yaw are expressed as an 
0 
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angular deviation from the mean st;a.ble position, Thus, a 

l ~ a r a c h u k  which has a small angular dcviatlon from i t s  mean, 

o r  average p o s a  ,ion trculd be termed stable about i t s  t h e e  

principal axes, 



efforts under section. can be 

an attempt t o  es tab l i sh  the a e r o d p d c  charac ter i s t ics  of a  

paracliute with a canopy plan form as shown i n  F i g  4, and t o  

*modify t h i s  plan form as well as the suspension l i n e  arrange- 

ment ' in order t o  obtain an L/D r a t i o  higher than that displayed 

by the or ig ina l  formc 

Pert inent ,  exploratory t e s t s  and modifications were 

made which gradually led toconf igura t ion  I1 (Pig 5). The 

more complete examinations of t h i s  configuration, however, are  

described i n  the next section e n t i t l e d  "Configuration I I b t l  

' A .  Investigation of Original Para-Sail 

The f l r s t  s tep i n  th i s  investigation was the explora- 

t ion  of the flow f i e l d  on the surface of the Para-Sail canopy, 

This was accomplished by placing small tu f t s  on the outside 

sur face  and observing t h e i r  placement due to the a i r  flow 
I 
I around the Immersed canopy* A graphical  representation o f  

1 the r e s u l t s  i s  shown i n  F ig  16. In general, the f low pat tern 
! 

has the expected form, but of i n t e r e s t  i s  the la rge  area of 

turbulence near the vent and on the upper downstrean side. 

Secondly, information on the s tab le  angle of a t tack  

and its variation with porosity was ob"i.alnede The s table  angle 

of' attaacli, o:, o r  s t ab l e  ung3-e as i"cwl1l. hesezfter be ca l l ed ,  

was measured a t  velocities o f  20 through 40 fl/sec on 
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32' d5ameter models l ~ a v l n g  nominal porosities of 4,67, 4-7 m d  

105 f t3 / f t2 -mi r .  

For Chese studies,  t h e  models were first suspanded 

from an angular meetsuing device which k s  motion Tn t h e  

v e r t i c a l  p lane ,  A schematic r epsosen ta t ion  of this system f o r  

so-cal led pendulum t e s t s  Is shown i n  F$g 17, A close-up ~f the  

pendulum device  i s  shown in Fig  l 8 c  The angle  of dittaclr was 

determined by m e a s u r i ~  the change i n  a vasdable  resistance 

element mounted i n  t h e  pendulum device*  The e l e c t r i c a l  output 

was recorded on photographic paper by means of a Century 

Osci l lograph,  F igure  19 shows the pendulwi t e s t i n g  arrange- 

ment and t h e  recording equipment. An example of an experimental, 

record  i s  shown i n  Fig 20 from which the s t a b l e  angle  of a t t a c k  

and t h e  p i t c h  stability can be measured, Rol l  and yatr s t a b i l i t y  8 2 r 

were  de te rmb~zd  by visual. obse rva t ionb  

I The xesults of these experj-ments a r e  shown i n  F i g  21, 

I t  cara be seen that  the  s t a b l e  angle of a t t a c k  and also t h e  

L/D r a t i o  decreased wi th  i n c r e a s i n g  ve loc i ty , ,  This was particu- 
I 
i l a r l y  pronounced in models w i t h  higher p o ~ o s i t y ~  

The decrease  of t h e  s table angle  with Increas ing  
i 
i poros i ty ,  a t  any given speed or canopy load ing ,  Is a lrnown 
I 

I 

l L  f a c t  (Ref 1 ) .  However, the decrease  of the s tab le  angle with 
I 
I 

increasing v e l o c i t y  o r  h igher  canopy load ing  c m o t  be ex- 

p la ined  a t  t h i s  t ime, 

On t h o  o t h e r  h a d ,  f o r  equal canopy Loadings, ona 

may expect en increase of canopy lift with increas ing canopy 

0 
size due to a Reynolds number e f f e c t  as ].mo~:~rn from a i r f o i l s *  
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yhis would inean that large Para-Sails, say on the order of 

80 f t  rloninal d iameter ,  would have a higher L,/D r a t i o  o r  a 

l a r g e r  s t a b l e  anglo than ths  respeckivc Para-Sail  model, In  

v i e w  of t h i s  considerat ion,  the  s t ab l e  angles indicated i n  

F i g  21 should be considered as  the  lower l j n l i t s  of l a rge r  

Para-Sails,  

I11 sumlary, a  l a rge  Para-Sail ,  Configmatid11 I ,  

having a low nominal poros i ty  should have a minimwn L/D r a t i o  

of a t  l e a s t  0.84 a t  a r a t e  of descent of app roxha te ly  

2 5  f t / s e c .  

Fur ther  s tud i e s  were conducted t o  see  the  e f f e c t  of 

l i n e  length  changes on the s t a b l e  angle. These t e s t s  showed " 

I 1 @ 
t h a t  shortening o r  lengthening the  center  l i n e  d i d  not  

I 

appreciably change the  s t ab l e  angle,  although a f t e r  the  center  

l i n e  was shortened beyond a c r i t i c a l  point ,  the  canopy would 
i 
1 
1 

collapse.  

Also complete removal of the  center  l i n e  did no t  

t e f f e c t i v e l y  change the  s t a b l e  angle. 
1 
i 

j However, changes i n  the  l eng th  of the r i s e r s  d id  

I 
i produce a c o n s i d e ~ a b l e  va r i a t i on  i n  the  s t a b l e  angle. I n  

f a c t ,  by ad jus t ing  the  r i s e r s  t o  d i f f e r e n t  lengths ,  a va r i a t i on  

of the s t a b l e  angle from 300 t o  43' was observed, In  these 

I 
I experiments, the  f r o n t  r i s e r  lengths  were adjus ted with 

respec t  to  the  rear  r i s e r s ,  wlzich length  were liept constanto  

.In a l l  cases,  an increase  I n  the l eng th  of the  f r o n t  risers 
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produced a decl-ease i n  t h e  s t a b l e  angle  and a dccrense i n  the 

f r o n t  r i s e r  l e n g t h s  produced- up t u  a c r l t l c a l  po in t  an inc rease  

i n  tlae stable a n g l e ,  Dctai-ls  w i l l '  be prcsel?ted l a t e r  on fa 

thj.s s e c t i o n  when t h e  three-component s t u d i e s  arc discussed 

(Fig 28 and Table 1 ) .  

The s l o t s  and louvers  were opened and c losed  

s y m e t r i c a l l y  t o  determine t h e i r  e f f e c t  on the  s t a b l e  angle .  

For these  t e s t s  Model 1-32-4.67 was used, 

With a l l  t h e  s l o t s  and louvers  c losed ,  t h e  s t a b l e  

a n g l e  was ~ e a s u r e d  and.found t o  be approximately 30°. A s  t h e  

s l o t s  and louvers  were opened methodical ly ,  t h e  sta-ble ang le  

increased  u n t i l  a l l  s l o t s  and louvers  were opened, A t  t h i s  

p o i n t  t h e  s t a b l e  angle  was found t o  be boo. Therefore,  i t  

may be concluded t h a t  f o r  t h e  b a s i c  Configurat ion I ,  -the 

arrangement of the s l o t s  and louvers  r e p r e s e n t s  an  optimwn 

s o l u t i o n ,  

I t  should be reme~ibered t h a t  f o r  a l l  the angle  

measurerner~ts made i n  the  stuct2es presented above, the  pendulum 

method was employed, s i n c e  only the  s tudy ' s  geilcral t r ends  

were des i red .  Af ter  completion of th is  o b j e c t i v e ,  three-  

component measurernents were rnacie t o  more a c c u r a t e l y  determine 

the  sLabZe angle as  w e l l  a s  the  inheren t  s t a b i l i t y  of t h e  

parachute when def l - ec  ted from i t s  s t a b l e  p o s i t i o n ,  Fi-gure 22 

shows Configurat: '~on T. arrange6 on ?;he .i;lxrce-componenni; balance 

sys-bern, Figures  23 through 30 p r e s e n t  the  results of the  

throe-component measurernents , 



FIG. 23. MOM ENT COEFFICIENT VS. AN GLE OF ATTACK 
FOR CONFIGURATION I 
(BASED ON TOTAL SURFACE AREA s., REYNOLDS NUMBER = 8 lo5 ; D, = 2444) 



FIG. 24. NORMAL FORCE COEFFICIENT VS. ANGLE OF 
ATTACK FOR CONFIGURATION I 
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FIG 23. MOMENT COEFFlClENT vs ANGLE OF ATTACK FOR MODEL 
-6--24- 4.67 WITH VARIATION IN THE CENTER LINE LENGTH 
(COEFFICIENTS BASED ON TOTAL CLOTH AREA So ) 



FIG 30. NORMAL FORCE COEFFICIENT vs ANGLE OF ATTACK FOR 
MODEL 1-24-4.67 WITH VARIATION IN THE CENTERL 
LENGTH (COEFFICIENTS BASED ON TOTAL CLOTH AREA So ) 



The procedure Sor t h e  three-component t e s t s  i s  

descr ibed  i n  detail i n  Rex 1, A schematic of  the su-spension 

system used f o r  these  s t u d i e s  i s  shown i n  Figs 31 and 32. 

F igure  32 shows t h e  l o c a t i o n  of t h e  s t r a i n  gage elements used 

t o  measure t h e  f o r c e s  on the  canopy, Again, t h i s  was 

accomplished by feeding  the e l e c t r i c a l  output  i n t o  a Centusy 

Osci l lograph and i t s  recording mechanism. 

The f o r c e s  measured during these  t e s t s  and used t o  

determine the aerodynarilic c o e f f i c i e n t s  are defined i n  Fig. 33. 

The tangent f o r c e ,  T ,  a c t s  along t h e  c e n t e r l i n e  of the  canopy, 

whi l e  the  normal f o r c e ,  N,  a c t s  perpendicular  t o  the  c e n t e r  

' l i n e  of th-2 canopy and produ-ces t h e  aerodynamic, moment, M ,  

about  t h e  confluence p o i n t  of the suspension l i n e s . *  From 

t h e s e  measured f o r c e s ,  the aerodynamic coefficients can be 

c a l c u l a t e d  us ing  t h e  convent ional  aerodynamic r e l a t i o n s h i p s  

(Ref 2,  Parachute Handbook), where 

and 

-- 
*?.his i s  1.1erel.y an approx&ztlon,  but a s a t i s f a c t o r y  one, 

see  Ref. I. 
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T h u s ,  a stable posi-tion will exist whi.11 

111 particular, Figs. 23 through 25 show 3ze. va r i a t i on  

of the  s t a b l e  angle with porosi ty  while holding t i lo  veloci-ty 

and the l i n e  lengths  constant.  Figures 26 through 28 show the  
i 

va r i a t i on  i n  the s t a b l e  angle a s  a funct ion of the  f r o n t  
i 
j 
1 r i s e r  length. The low porosi ty  Model 1-2k-4.67 W a s  used f o r  

these  t e s t s ,  s ince  i t  was apparent from previous s tud ies  that 

the low poros i ty  model displayed the l a r g e s t  g l i de  angle. 

F ina l ly ,  Figs 27 and 30 present  the  va r i a t i on  i n  the s t a b l e  

angle a s  the  center  line length  i s  changed, Again., Model 

1-24-4.67 was used fox the t e s t s ,  

likereas the f i gu re s  ind ica te  d e t a i l s  of the  various 

1 e f f e c t s  and operat ional  c h a r a c t e r i s t i c s ,  the  p r inc ipa l  r e s u l t s  
f 
I are s w a r i z e d  i n  the following  conclusion.^, 
I 

1) Increasing the  nominal poros i ty  of the parachute 

tends t o  decrease the g l i d e  angle. 

v 2) Changing the  l eng th  of the f r o n t  r i s e r s ,  a f f e c t s  
! +. 

noticeably the s.table angle o r  the  L/D r a t i o ,  

Decreasing the  length  of the f r o n t  r i s e r s  wi th  

1 
i respec t  t o  the back r i s e r s ,  the  s t ab l e  angle 
1 

B 
I i ncreases  u n t i l  a maxirn~,~'~t i s  reached, whereupon 
i 

' 0  a further decrease tcnds t o  dzc reace  the stable 



angles TSm~erica.1 values have been obttiilzcd, 

which ilidicate s. possib1.e l i f t .  to drag 

laodulation, 

3)  Moderate clmnges i n  the center l i n e  l cng th  o r  

i t s  coniplete removal do not appreciably chmge 

the  s tab le  angle of the parachute. 

4 )  A l l  the models t e s t e d  are s tab le  a t  orfly one 

angle of a t tack,  

5) The law porosity models have a greater  value 

of d%f/dd than the models with higher porosity,  

Thus, the lotr porosity models t r i l l  assume t h e i r  

s tab le  angle of: a t tack  more rapidly anh have 

l e s s  osc i l l a t ion  about tha t  angle than the 

high porosity models, 

6 )  A l l  models have a r e l a t i v e l y  high value of  CT 

a t  the s t ab l e  angle and consequently should 

operate with a r e l a t i v e l y  low r a t e  of descent* 

The s t ab le  angles measured i n  the tbee-component 

s tudies  a re  somewhat higher than the  values obtained from tho  

pendulum t e s t s .  T h i s  can possibly be explained by the f a c t  

that  r e l a t i v e l y  largo lnodels were used f o r  the three-component 

measurements and a t  high angles of a t tack  the canopy skirt came 

within one diameter of the tunnel wall,  Thus, wind tunnel 

in terferences  may have affected the parachute a t  la rger  angles 

of a t tack ,  It is suggested t h a t  the r e s u l t s  of tho pendulum 

t e s t s  be considered t o  be the  lower l i m i t  of the s tab le  angle 



1,ine Forces 

Af ter  t h e  three-component t e s t s  were completed, the  

f o r c e s  i r i  t h e  ; ~ , . d i v i d u a l  r i s e r s  were measured. i n  an a t t e m p t  t o  

determine the f o r c e s  necessary t o  achieve a l i f t - d r a g  modulation. 

I n  t h e s e  t e s t s  the  models were suspended from the  

' angu la r  i n d i c a t o r  used i n  t h e  petluulun t e s t s .  E l e c t r i c  f o r c e  

sensing elements were then placed i n  t h e  r i s e r s  as sllown i n  

Fig. 34 and t h e i r  ou tpu t  was recorded by mea,ns of Century 

Osci l lograph.  

  he t o t a l  f o r c e s  measured i n  t h e  r i s e r s  and cen te r  

l i n e s  during t h e s e  t e s t s  ,should equal  the  tangent  f o r c e  a t  

1 % t a b l e  determined from the  three-component t e s t s .  This 

I has  been v e r i f i e d  from the  experimental  r e s u l t s .  

I 
I The f o r c e s  i n  the  f r o n t  r i s e r s ,  cen te r  l i n e s ,  and 

the  r e a r  r i s e r s ,  divided by t h e  t o t a l  f o r c e  of the  parachute 

a r e  given i n  Table I. One n o t i c e s  t h a t  i n  t h e  middle p o s i t i o n  

AL,/L, = 0 )  and t h e  f r o n t  r i s e r s ,  r e a r  r i s e r s  and cen te r  l i n e s  

I c a r r y  approximately one t h i r d  of t h e  t o t a l  f o r c e ,  However, 
I 

I a major p o r t i o n  of the f o r c e  s h i f t s  t o  the f r o n t  r i s e r s  when 

1 a s t a b l e  angle  i s  increased o r  toward the rear r i s e r s  as the  
I 

angle  of attack decreases ,  

A 1 1  models used f o r  t h e s e  l i n e  t ens ion  t e s t s  had 

s f ix~suspens ion  l i n e s  connected t o  each one of t h e  four  r i s e r s .  

1 I However, s ince  f u l l  s i z e  drop t e s t s  were made i n  
I 
I 

which the f r o n t  r i s e r s  c a r r i e d  f i v e  suspension l i n e s  whi le  

s i x  l i n e s  were connected t o  t h e  r e a r  ~ i s e r s ,  a conf igura t ion  

with t he  so-cal le t i  5 x 7 l i n e  conneci;ion vas  also t e s t e d ,  0 



FIG 34. SUBSONIC WIND TUNNEL TEST ARRANGEMENT 
FOR LINE TENSION TESTS 



TABLE I. RATIO OF LlNE FORCE TO TO'TAL 

8 ' mRCE FOR MODEL 1-32-4,67 
WITH DIFFERENT FROi\ll RISER 
LENGTHS 

Front R i ~ e r  Per Cent sf T o t a l  Fssee 

(1) Right f r o n t  riser l f n a s  (1 - 6 )  
Left f r o n t  riser l i n e s  (99 - 2 4 )  

(2) Right rear riser lines (7 - 12) 
Left rees riser l i n e s  ($3 - 18) 

( 3 )  ALl/Ll = Ratio;  change i n  f r o n t  l i n e  length  
t o  t o t a l  l i n e  length  (Ll = Dd f o r  
prototype Para-Sail), 



Figure 35 g ives  a scheraatic view of Configuration I with a 

5 x 7 line configuration, The xiesults of these test:; are 

presented below. 

Center of Pressure 

Finally, the aerodynamic centes line of Configuration T 

was determined using Model I-32~4~67 with the basic 6 x 6 line. 

configuration. This was accomplished in the following manner. 

Photographs were taken of the side view of the inflated pasa- 

chute. From these pl~otographs the directions in which the 

risor forces act was obtained, Knowing the direction m d  the 

magnitude of the riser forces, the resultant force, its direction 

in particular, can be obtained, Since the line of action goes 

through the center of pressure, its location with respect to 

the canopy is thereby determined. Figure 36 illustrates the 

described conditions. 

B . Modification of the Para-Sail Configuration L 

Line 

Once the stable angle and other aerodyanic character- 

istics of the o r i g i n a l  Para-Sail, Configuration I, were 

datermhned,  the next effort was devoted to the increase of 

the lift-dsag ratio as well, as to the establishment of the 

over-all performalace characteristicso Far these s t u d i e s ,  

Model 1-48-47 was used, 

53 
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As mentioned in Part R of S e c t i ~ n  I V Y  a region  of 

tubulent Plow was found in the apex area as well as on the 

upper downstream sido of the canopy, It was concluded that 

' a  reduction or elimination of this turbulence would result in 

an increase of the lift-drag ratio. Therefore, a n  attempt was . 

made to cover the concave portion of the canopy caused by the 

pull from the center line, The high porosity apex was covered 

with a circular piece of fabric supported by an internal 

suspension system vhj.ch was attached to the center line, 

F i w e  37 illustrates this model. 

However, tes ts  indicated that this measure did not 

significantly change the stable angle or the stability. 

Also, from the tests conducted in Past A of th i s  

section, it was noticed that the leading edge collapses at 

angle of attack of approximately 40'. Therefore, portions of 

panels 1, 2, 22, 23 and 24 were removed in an effort to reduce 

the tendency of these panels to collapsee Figure 38 shows a 

schematic drpwing of the moVFfY6d canopy. Pendulum tests 

indicated that the collapse oF the leading edge now occurred at 

higher angles of attack. However, the Para-Sail had lost 

over-all stability which was indicated through considerable 

oscilLations about its stable angle of attack, 

In an attempt to improve the stability of this ver- 

sion as well as to increase the stable angle, p~rtions of the 

C-(-j 
-1 



FIG 32 PARASAIL (I -48-47)  WITH MODIFIED APEX 
a = 3 4 "  L / D = * 6 7  



FIG 38. FRONT VIEW OF PARASAIL ( I - 48 - 47 ) 

0 WITH PORTIONS OF GORES 2,1, 24, 23, 
AND 22 REMOVED 



rear  gores  10 through 14 were then removed. This n ~ o d i f i c a t i o n  

i s  skzok-rxa schen.la-i;icaL%y in F'lg 39, Tho reasoning behind this  

measure was t o  develop an exhaust $st which would push the 

canopy forward as  well. as t o  s t a b i l i z e  it. 

Pen-dulum t e s t s  Ind ica ted  a maximum s t a b l e  angle of 

approximately 40° and s a t i s f a c t o r y  s t a b i l i t y ,  which i s  an 

i n c r e a s e  of 5' (see  F ig  21). 

Further pendulum t e s t s  on t h e  same modified model, 

but without t h e  s t a b i l i z a t i o n  panels ,  were made, This 

modif ica t ion  i s  i l l u s t r a t e d  i n  F i g  40. It was thought that 

removal of t h e s e  panels  would reduce the drag and t h e r e f o r e  

increase t h e  l i f t - d r a g  ra t io ,  However, t h e  experiments showed 

t h a t  t h e  l i f t - d r a g  r a t i o  was n o t  a f f e c t e d ,  however, the 

s t a b i l i t y  of the canopy was n o t i c e a b l y  reduced, 

A l l  t h e s e  e f f o r t s  r e s u l t e d  merely i n  an  i n c r e a s e  of 

s t a b l e  angle  from 3k0 t o  40°, The model used. so fa r  had a 

r e l a t i v e l y  high nominal poros i ty ,  namely, 47 f t3/f t2-min. The 

lower p o r o s i t y  model, 1-32-4.67, a l r e a d y  had a s t a b l e  angle of 

a t t a c k  of 4-00 before modif icat ion.  Therefore,  f u r t h e y  t e s t s  

were made with the lower po ros i t y  model, 1-32-4.67. 

The modif ica t ions  were begun i n  a manner Indicated 

by t h e  preceding t e s t s ,  F i r s t ,  po r t ions  of t h e  f r o n t  goyes, 

numbers 1, 2, 22,  23 'and 24, and p o r t i o n s  of the s e a r  gores, 

numbers 10 through 14,  were removed, 

This version showed in pendulua t e s t s  a s t ab le  

59 



- FIG39. REAR VIEW OF PARASAIL (1-48-47) 
O WITH PORTIONS OF GORES 10 - 14 

REMOVED ( CX = 40" L /  D=.84 ) 



angle of' 43*, corresponding t o  a 1- i f%-drag r a t i o  of 0,93, The 

sx.le model- i n  ' ',s o r i g i n a l  for111 had a stah1.e angle of 11-OOc 

Visual  observa t ion  ind ica ted  t h a t  the  over -a l l  s t a b i l i t y  of 

t h e  modified model was ve ry  good. 

Next, t h e  s l o t s  and louvers  of modified model 

1-32-4.67 were opened and c losed ,  I t  was determined from t h i s  

s tudy  t h a t  the  f r o n t  louvers  had very l i t t l e  e f f e c t  upon the  

genera l  s t a b i l i t y  behavior of t h i s  model, but  a  s l i g h t  tendency 

toward a h igher  L/D r a t i o  was observed. Therefore,  t h e  f r o n t  

gores ,  numbers 1, 2,  22, 23 and 24, were replaced  by s o l i d  

gores  similar t o  those  of a s o l i d  f l a t  canopy. Through t h i s  

measure, the  f r o n t  gores  became smooth su r faces .  

Pend-dL-i t e s t s  were then  conducted and i t  was f o w d  

tha t ,  a l though t h e  s t a b i l i t y  w a s ~ . s l i g l i t l y  decrea-sed, t h e  s t a b l e  ' 

angle was increased  t o  4 7 O ,  corresponding t o  a l i f t - d r a g  r a t i o  

of 1.07. The f i n a l  shape of t h e  modified model 1-32-4.67 i s  

stiown i n  F i g  41. 

Line l e n g t h  v a r i a t i o n s  ind ica ted ,  a s  was previous ly  

found, t h a t  the s t a b l e  angle  can be both increased  and decreased 

by changing t h e  l e n g t h  of the  f r o n t  r i s e r s  w i t h  respec t  t o  

. ' t h e  r e a r  r i s e r s .  Also, when t h e  s l o t s  between tho s ide  

s t a b i l i z a t i o n  panels  and t h e  canopy were c losed ,  t h e  s t a b l e  

angle  increased ,  However, t h i s  was accompanied by a l a t e r a l  

o s c i l l a t i o n  i n  t h e  o rde r  of 2 20°, t he re fo re ,  the s l o t s  were 

reopened,  



No fu~"cher 1nodif ica tEo.n~ were made on the model shown 

in Fig kl, since It appeared that the optimum stable angle bad 

been reached, The new configuratian, derived through modifica- 

. t i o n s  of Configuration I,  shal l  be called Configuration IS, I n  

pendulum t e s t s ,  it  had a s t ab le  angle of 4-70, corresponding to . 

a l i f t - d r a g  r a t i o  of le07, It appeared promising.enough to 

justify fur ther  aerodynamic inves t iga t ions*  



V, /J1$$PEST%CATIQM OF CBWEGmTION II 
23 
*?# c 

Tha final modified version of Confbgura~i;ion 1 was 

called Configuration II. Figures 42 end 43 show, i n  dimension- 

less form, t h e  differences in the p a t t e r n s  of %he modified 

*gores .  A detailed description of the plan form of Configura- 

tion JE is discussed in Section I1 and illustrated in Fig 5, 

To determine the affect of porosity and ths  sate of 

descent on the stable angle, a series of tests were conducted 

on three models of Configmation 11, differing merely in their 

nominal porosity, 

The first series again made use of the pendulum 

mathod at velocities from 20 to 40 ft/sec, The results of 

these studies are shown in Fig  44, One notices that the stable 

angle increases both with decreasing porosity and slightly 

decreases with increasing velocity, The maximum stable angle 

which was reached amaunts to 4-7O, representing an L/D ratio 

of ~ 0 7 .  

To verify these results and to determine the stability 

of these three models at their respective stable angles, 

three-component tests were made, Figures 45 and 46 show 

Model I I -2bbe67 in the wind tunnel and Figs 47 through 49 

present their aerodynamic coefficients versus angle of attack. 

These results verify the tsends observed in the pendulum tests, 

I n  particular, the stable angle of attack decreases for 

increasing porosity and the over-all stability decreases as 

the p o r o s i t y  increases ,  In  general, t h e  tangent forces of the 
Fa - 
-L*- Lower p o r o s i t y  models i s  higher t h a n  the one of higher porosity 

models, 



\ S k i r t  line for 
conv~n t iona l  solid 
flat parachute gore 

Typical gore 

- .  
= 0.331 GORES 1 & 2 3  dd 

A 
GORES 2&22 II, = 0,335 

FIG 42. DIMENSIONLESS GORE PATTERN FOR 
FRONT OF CONFIGIJRAIION TI 



Fl G 43. D MENSIONLESS GORE PATTERN FOR REAR SKIRT 
PANELS OF CONFIGURATION II 





FIG 42 NORMAL FORCE COEFFICIENT ----- vs ANGLE OF ATTACK 
FOR CONFb3JF?ATiON TT ( BASED ON TOTAL SURFACE 
AREA So ; REYNOLDS NUMBER = 8 x ?05; Do = 24" ) \Pd F 



FIG 48. MOMENT COEFFICIENT vs ANGLE OF ATTACK FOR 
CONFIGURATION II ( BASED ON TOTAL SURFACE 
AREA So ; REYNOLDS NUMBER = 8 x lo5 ; Do = 24 " ) 



ANGLE OF ATTACK, o(' 

G 49. TANGENT FORCE COEFFICIENT- vs ANGLE OF ATTACK 
FOR CONFELFL4TION a ( BASED ON TOTAL SURFACE 
A R E A  S o  ; REYNOLDS NUGEER -=  8 x lo5 ; Do = 24 " ) 



Again, the  stable urlgles dctti~:n~i.neci. Sx30m the t h ree -  

component t e s t , ;  ind-icate Larger angles, As before, t he  

measurements i n  the pendulum t e s t s  may be considered as  the 

lower limit of the s tab le  angle of a t tack,  



Co&igxrB-i;ions 111 wnd LV represent fornzs wbaich 

evolved from a, cornbination of experiences extracted from wind 

tunnel  s tud ies  and from ful l  ~ i z e  drop t e s t s  simultaneously 

conducted, Since the  f u l l  size' testing began wi th  a version 

representing Configuration I, t o .  which modifications were 

applied, Configurwtions 111 and I V  are e s s e n t i a l l y  modified 

versions of the  Para-Sail  Configuration I. Configuration 9% 

may be considered as merely an academic model, s ince  full s i z e  

drop t e s t s  w i t h  t h i s  config~xrat ion were never made. 

A.  Configuration 111 

Opening Process 

From drop t e s t s  of a f u l l  sca le  version of 

configurat ion 911, whose planform i s  shown i n  F ig  9, i t  was 

t h a t  the  parachute s process was e r r a t i c ,  

view of  time and intermediate i n f l a t i o n  forms. Thus, wind 

tunnel  t e s t s  with Model 111-4-8-4.67 were i n i t i a t e d  t o  study 

and poss ibly  t o  improve the  opening c h a r a c t e r i s t i c s  of t h i s  

conf igurat ion,  

The opening process of t h i s  model was studied i n  a 

m m e r  which schematically i s  shown i n  Fig 50 ,  However, during 

the  f i r s t  s e r i e s  of t e s t s  no i n t e r n a l  parachute was used.  I n  

these t e s t s  the  Para-Sail  model- was suspended i n  the  wind tunnel 

i n  reefed condition, whi le  the  flow was es tabl ished.  l 'hen the  

reefing l i n e  was severed and the  opening process recorded by 

means of a high speed motion p i c tu re  co,anera. Mare d e t a i l s  of 

this system have been described i n  R e f  3 ,  



Primary Parachute 
Final Stage of Inflation 

%---- 4 
I I 
P---- -4 

FIG. 50. TEST SECTION AND MODEL SUPPORT FOR OPENING 
SHOCK PROGRAM (iNFINIJ-E hlASS CASE) 



In t h i s  mamzer the  f ollowfng opening charac t e r i s  t dc s  

of Confdg~axra-t;? :;'* 919: were observed: 
3 

1 )  During the opening process, the i'ront panels 

I.: bend inward, r e s t r i c t i n g  the  inlet opening and 
L 

i 
1 
C 

thereby prolonging the i n f l a t i o n  time, The 

movement of the f ron t  panels was rando~l, causing 

the  en t i r e  f i l l i n g  process to  be e r r a t i c ,  

i 2 )  The opening time was r e l a t i v e l y  long, and i t s  8 
! 
E standard doviation was r e l a t ive ly  high, 

These model experiments showed essent ia l ly  the same 

fea tures  as had been observed i n  f u l l  s i ze  drop tes ts ,  and i t  

was concluded tha t  measures had t o  be Introduced which would 

reduce the var ia t ion  of the opening time and the random motion 

@ of the canopy cloth,  
1 

1 Reference 3 and re la ted  f u l l  s i ze  experiments have 
i 

I 
ii 

shown tha t  a small parachute placed i n s i d e  the la rger  primary 

1 parachute reduces the opening time and i t s  standard deviation. 

I 
I Thus, a parachute having a projected diameter of 6.2" was 

employed a s  in te rna l  parachute wi th  the 4 f t  Para-Sail model. 

On the basis  of Ref. 3 r e su l t s ,  the in te rna l  parachute was 

placed a t  3.0" behind the plane of the inf la ted  s k i r t ,  correspond- 

ing  to an L/Do = -8.33%. 

In f l a t ion  s tudies  were then conducted and f o r  com- 
I 
I 
I parison purposes models with and without in te rna l  parachutes 

were used, The experiments were made f o r  the so-called i n f i n i t e  

mass case  whercln  the relative veloci ty  between the paracl~ute 

8 and the f r e e  stream remains constant during the opening processe 



Figures 50 and 51 show t h o  arrmgement of the parachute system 

In the wind "i; 

In these tests, the average opening time of the 

Para-Sail without internal parachute was fomd to be approxi- 

- mately 0821 seconds with a, standard deviation of 2 25$, me 

average opening time with the internal parachute was 0.20 

seconds with a variation from this average of 2 '5%. Thus, 

the internal parachute reduced t h e  opening time moderately but 

s t rongly standarlzed the opening process as indicated by the 

reduction of the standard deviation from 2 25% to 2 5%. However, 

merely a limited number of tests wore made and more experiments 

are needed in order to optimize the size and location of the 

internal parachute, F"wthsrmoreo these tests were made with 

a Para-Sail havlng a center Pine* The conditions may change 

considerably when the internal parachute is used in connection 

with a Para-Sail without centerllne* 

The aerodynamic center line of Configuration 111 

was determined in the manner described previously. 

At the request of RASA, a 5 x 7 line configuration 
was used. The aerodynamic center line was found to be i n c l i ned  

toward the  r ea r  of the canopy at an angle of 2 O  with the 

parachute center line. Figure 52 shows these cond i t ions  

g raph ica l ly ,  

B,  Configuration I V  



FIG 52. AERODYNAMIC CENTERLINE (A.C.L.) AND PARACHUTE CENTER- 
NE ( ,  . ) OF MODEL JI -48 -*4.67 WITH AN UNATTACHED 

CENTERLINE ( 5 x 7 LINE CONFIGURATION V, = 30 ft/ sec ) 



n g t h  o f  C e n t e r  LPne 

Drav. c e s t s  were made w i t h  an 80 f t  diameter- v e r s i o n  

h a v i n g  a  p l a n  form r e p r e s e n t a t i v e  of C o n f i g u r a t i o n  I V ,  F i g u r e  

11, However on t h e  P u l l  s i z e  p a r a c h u t e  o n l y  t h r e e  ( 3 )  l a rge  

' s c o o p s  were a r r a n g e d  i n  t h e  f r o n t  g o r e s ,  r a t h e r  t h a n  n i n e  ( 9 )  

a s  shown i n  t h e  f i g u r e .  T h i s  was s u g g e s t e d  by  t h e  prime con- 

t r a c t o r  i n  a n  e f f o r t  t o  improve t h e  i n f l a t i o n  c h a r a c t e r i s t i c s ,  

I n  a d d i t i o n  t o  d r o p  t e s t s  w i t h  t h i s  c o n f i g u r a t i o n  w i t h  t h e  

purpose  o f  s t u d y i n g  t h e  open ing  c h a r a c t e r i s t i c s ,  wind t u n n e l  

t e s t s  were made t o  d e t e r m i n e  t h e  e f f e c t  t h e s e  scoops  made on 

t h e  s t a b l e  a n g l e  o f  a t t a c k .  A f o u r  f o o t  Low p o r o s i t y  model, 

IV-48-4 ,67 ,  was used.  

Pendulum t e s t s  were conducted  t o  de te rmine  t h e  

e f f e c t  o f  t h e  scoops  combined w i t h  a c e n t e r  l i n e  v a r i a t i o n  

upon t h e  s t a b l e  a n g l e  o f  a t t a c k ,  The r e s u l t s  a r e  shown i n  

Tab le  11. It can  be s e e n  t h a t  t h e  scoops  i n  a l l  combfnat ions  

d e c r e a s e d  n o t i c e a b l y  t h e  g l i d e  a n g l e .  From t h i s  p o i n t  of  

view, &coops  cannot  be recommended, It i s  a l s o  e v i d e n t  t h a t  

t h e  changes  i n  t h e  c e n t e r  l i n e  l e n g t h  a f f e c t e d  t h e  maximum 

s t a b l e  a n g l e  v e r y  i n s i g n l f i c a n t l y ,  

F u l l  s i z e  d rop  t e s t s  showed t h a t  t h e  scoops  d i d  n o t  

improve t h e  open ing  c h a ~ a c t e r i s t i c s ,  S i n c e  f u r t h e r  u n d e s i r a b l e  

open ing  f e a t u r e s  were r e c o r d e d ,  t h e  s u i t a b i l i t y  o f  t h e  c e n t e r  

l i n e  was T h e r e f o ~ - e ,  new wind t u n n e l  t e s t s  were 

made i n  o r d e r  t o  de te rmine  a t  l e a s t  qualitatively t h e  e f f e c t  

o r  t h e  c e n t e r  l i n e  on t h e  p a r a c h u t e ,  



TABLE H. STABLE ANGLE OF ATTACK OF 
'MODEL E - 48 - 4.67 WIT'H \h4F71- 
ATIONS IN THE CENTERLINE 
LENGTH AND NUMBER OF 
FRONT SCOOPS (V, = 25 f ps ) 



The f u l l  s i z e  Para-Sail is always dcyloycd in a 

reefed condition, Duping its i n f l a t i o n  whixe reefed,  it 'kras 

observed that the leading side of the canopy is usually 

folded inward, which form the  inf l a t fon  

- a f t e r  reefing l i n e  cu t t ing ,  This method of i n f l a t i o n  is 

undes i rab le  in several aspects, 

Xn order t o  reproduce t h i s  in the w i n d  tunnel, a 

model, IV-48-4.67, w i t h  canter l i n e  and reefed, was placed 

i n  the tunnel and held a t  various angles of a t tack,  

Then in the next ser ies  of tests, the center  l i n e  

was removed and the experiments were  repeated, The resul t s ,  

shown i n  Fig. 5'3, emphasize t h e  fo l lawing po in t s :  

With the center l i n e ,  t h e  f r o n t  of the parachute 

never inf la ted  properly,  Even a t  small angles  of 

a t tack ,  the f r o n t  s i d e  begins t o  col lapse .  Without 

center line, the f r o n t  of the parachute inflates 

f u l l y  up to angles of attack as la rge  a s  3ooQ Even 

a t  angles of a t tack larger  than 4-9 the front only . 

partially collapsedQ Detatls are shown i n  FZg 5-3. 
From these tests, i t  i s  concluded that the center 

line Influences the parachute's opening performance 

W a v s r a b l y ,  

The aerodynamic conter  l i ne  of Model 1~-48-4,67 with 

a 9 x 9 suspension 24ne conflmrat ian but wi thou t  a center 

l i n e  was establj-shed, The method was the same as t h a t  employed 



before.  In a(.:c:~~tlance wi th  Fig. 54, the aerociyilwic: cen te r  

l i n e  Is slbg2r.i;ly inclined toward the rear of' the canopy at 

an angle of approximately 1'. This ind-icates W a t  in t h i s  

, version with0u"G a cen te r  line the total load is veyy uniformly 

divided between t h e  front and rear risers, 



FIG 54  AERODYNAMIC CENTER LlNE (A.C.L.) AND PARACHUTE 
CENTER LINE (P.C.L.) OF MODEL IP-48-4.67 W 
UNATTACHED CENTER LINE (9 x 9 LlNE CON FIGURATION G&= 30~2,) 



These reported stzaies indicate that Para-Sails cf~ll 

be built with a lift to drag ratio of higher than. 11111t3r w j l i c h  

are sufficiently stable about the three principal axes m d  tha t  

a certain lift to drag modulation is possible. 

Figures 55 through 59 illustrate in condexsed i'or~q 

the results of the studies involving the two more coi3plctely 

investigated Configurations I and 11, 

The investigation concerning Configurations I11 and 

IV were made in support of simultaneously co~iducted drop tests. 

They may be considered as guide Lines for future cte~~elo~rner:ts, 



---- 

- I  - - -  

0 MODEL 1-32-467 

MODEL 1-32-4.67 

2C: 25 30 35 40 45 
VELOCITY ( f f /set ) 

0 FIG 55, SmrABLE ANGLE OF ATTaCI.( vs VEII>Cl-<Y 
FOR CONF[GUF?Al-IONS I P,ND 1 FOR 
VARIOUS NOMINAL POROSITIES 

88 d 

------ - - 



'FIG 56. RESULTS OF MODlFlCATlONS OF PROTOTYPE PARASAIL I- 48 - 47 







- - c> FIG 59 R ESUi--SS OF MOD[FICATl O N S  0 F PROTOTYPE PARASAI 1.. I;-.32-/'i.i 
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APPENDIX 

DuusLng the course of -this study severa l  siLdeZfine 

i n v e s t i g a t i o n s  were c a s r i e d  ou t ,  two of which appear t o  be 

worthwhile to orecord, namely, tlie r e l a t i o n s h i p  bctween l i n e  

l e n g t h  and e l l i p t i c a l  pl-m form and t h e  e f f e c t  of s i d e  

s t a b i l i z a t i o n  panels ,  ' 

A l Line Lengths of the Elghty Foot Para-Sai l  and Their  
Re la t ionsh ip  t o  an E l l i p t i c a l  P lan  Form M e n  I n f l a t e d  

a Semi-major diameter of canopy sketched from 

film 

b Semi-minor diameter of canopy sketched from 

f i l m  

A Semi-major diameter of e i g h t y  f o o t  Pa.ra-Sail 

B Semi-minor diameter of e i g h t y  f o o t  Para-Saf l 

IS Length of suspension l i n e  and riser t o  con- 

fluence p o i n t  of canopy ( f o r  ske.tch) 

Ls Length of suspension l i n e  and r i s e r  t o  con- 

f l u e n c e  p o i n t  of  canopy ( f o r  e i g h t y  Soot 

Para-Sail ) 

L Perpendicular  d i s t ance  from the  p lane  of 

t h e  e l l i p s e  t o  the confluence p o i n t  ( f o r  

e i g h t y  f o o t  Para-Sai l )  

=s Longest suspension l i n e  needed to make t h e  

e l l i p s e  l i e  i n  one plane ( f o r  eighty f o o t  

Para-$ail) 



L s  Equals the difference between Ls and I.,, I 

(for e i g h t y  foot Para-Sail) 

1: Suspension line 'lengJih necess8z.y to clalr,e 

the elliptical circumference of the canopy 

2outh lie in a single plane, 

Recorded Plan and Profile Frorq 

From the films of the eighty foot Para-Sail, sketches 

of both side and tmttom views of the fully inflated canopy 

were obtained, as illustrated in Figs .60  and 61, 

The film showed that the skirt of the parachute had 

projected an elliptical shape, with a r a t i o  of tohe semi- 

major ( l l a t l )  to the seni-ninor ( l ' b l l )  axes of l.ltLt1. Therefore, 

the general equation for this ellipse is: 

P --- a ----I 

PIG. 6 0 e  PLAN FORM OF THE IIFLATED 00 FT PAW-SAIL 



The f r o n t  ancl s i d e  v l e q  sketches of' the I 'ara-Sail 

i n d i c a t e  a c e r t a i n  d i s to r t ,$  c)l-t. 0.i' t h e  canopy t~f i lch  j.s caused 

by the f a c t  t h a t  all suspension l i n e s  a r e  o f  equal l eng th .  

Aseurnillg a, f ixerl minor axis and given su-spension l i n e s  i n  

t h e  middle of' the f r o n t  and the reay,  one can compute the 

l e n g t h  of a l l  suspension l i n e s  in such a manner t h a t  t h e  pro- 

j e c t e d  plan form of t h e p a r a - S a i l  would form an ell'pse i n '  

a p lane .  

The semi-minor and semi-major axes were found t o  be 

23 and 33.2 f e e t ,  r e spec t ive ly .  From t h i s  and the cond i t ion  

above, one can detercline the  longes t  r equ i red  suspension l i n e s  

if t h e  s h o r t e s t  ones i n  mid front and mid rear adre I;, = 68.1 

f e e t ,  I t  can be shown t h a t  t h e  longes t  l i n e s  would be placed 

on t h e  ou t s ide  t i p s  and should have a l e n g t h  of Ls = 72.2 fee t .  

Leading 

Leadj 

A) Side  View B)  Front View 

FIG. 61. PKOFZLES OF IT3 ITWLATED 80 FT PARA-SAIL 



By means of the  genera l  equatioli of  the  e l l i p s e ,  

one could determine the  p rope r  l e n g t h  of all lines, which would 

va ry  between 1 : - : : , 1  and 72,2 f e e t ,  

From the  theory  of t h e  l i f t i n g  su r face ,  i t  can be 

seen  t h a t  a l s o  f o r  a  parachute an e l l i p t i c a l  p l a n  form i s  very  

' advantageous f o r  the  d-evelopment of a h igh  l i f t  t o  drag r a t i o .  

I3 . I n v e s t i g a t i o n  of S t a b i l i z a t i o n  Panels 

T e s t s  were conducted on Model 1~-48-4~67 t o  s tudy 

the e f f e c t  s t a b i l i z a t i o n  panels  have on drag and s t a b i l i t y .  

For these  t e s t s ,  the  parachute was suspended from t h e  pendulum 

device  descr ibed  before.  

The parachute was f i r s t  s tud ied  without  any a l t e r a t i o n s ,  

Then, the  s t a b i l i z a t i o n  panels  were trimmed t o  coMorm w i t h  

t h e  c u r r e n t  conf igura t ion  of t h e  80 f o o t  Para-Sai l* F i n a l l y ,  

they were removed completely, 

The t e s t s  ind ica ted  . t h e  following r e s u l t s :  

1) t h e  l i f t  t o  drag r a t i o  was n o t  apprec iab ly  

a f f e c t e d  as  t h e  panels  were removed; 

2 )  t h e  drag of the canopy appeared t o  remain 

cons tan t ;  

3 )  no s i g n i f i c a n t  chznge i n  t h e  s t a b i l . i t y  was 

observed even wit11 complete rercoval of 

s t a b i l i z a t i o n  pane l s ,  

The s i d e  panels may, however, have an e f f e c t  through 

t h e i r  i n t e r a c t i o n  with t he  e l l i p t i c a l  p l a n  form a s  well a s  w i t h  

the canopy loading ,  These a s p e c t s  have no t  been i n - t ~ e s t i g a t e d . ~  


